The time-motion characteristics and the within-athlete variability in movement patterns were quantified for the same male fast bowler playing One Day International (ODI) cricket matches (n = 12). Methods: A number of different time motion characteristics were monitored using a portable 5-Hz global positioning system (GPS) unit (Catapult, Melbourne, Australia). Results: The bowler's mean workload per ODI was 8 ± 2 overs (mean ± SD). He covered a total distance of 15.9 ± 2.5 km per game; 12 ± 3% or 1.9 ± 0.2 km was striding (0.8 ± 0.2 km) or sprinting (1.1 ± 0.2 km), whereas 10.9 ± 2.1 km was spent walking. One high-intensity (running, striding, or sprinting) repetition (HIR) occurred every 68 ± 12 s, and the average duration of a HI effort was 2.7 ± 0.1 s. The player also completed 66 ± 11 sprints per game; mean sprint distance was 18 ± 3 m and maximum sprinting speed 8.3 ± 0.9 m·s −1 . Conclusions: The movement patterns of this fast bowler were a combination of highly intermittent activities of variable intensity on the base of ~16 km per game. This information provides insight for conditioning coaches to determine the physical demands and to adapt the training and recovery processes of ODI fast bowlers.
Quantification of movement patterns through time-motion analysis studies is important for conditioning coaches to develop sport-specific conditioning programs and to tailor recovery periods based on quantified game demands. Recent studies have published time-motion characteristics of cover-point fielders 1 and batsmen 2 during first-class and international cricket, respectively. These studies used video footage and manual notational analysis on a single player at a time. This approach is too time consuming for routine use in a practical setting to obtain movement data for modifying an individual athletes' training. The advent of GPS devices to automatically monitor movement patterns is an active area of research across many sports. No previous study has examined the movement patterns in cricket using GPS technology. The aim of this case study was to describe the movement patterns, and degree of variability, in a fast bowler during One Day International (ODI) cricket.
Methods
Time-motion characteristics of an Australian fast bowler were monitored using a portable 5-Hz global positioning system (GPS) unit (Catapult, Melbourne, Australia) during 12 ODI games, including six vs India, three vs Bangladesh, two vs Sri Lanka, and one vs New Zealand. The GPS unit was positioned via an elasticized shoulder harness to sit between the scapulae of the bowler at the base of the cervical spine ( Figure 1 ). The GPS unit was activated and GPS satellite lock was established for at least 15 min before the player taking the field as per the manufacturer's recommendations. After each session, the recorded information was downloaded using Logan Plus 4.0 software (Catapult Innovations, Melbourne, Australia) for analysis. Total distance (km), distance traveled walking (movement speed, 0 to 2 m·s −1 ), jogging (2 to 3.5 m·s −1 ), running (3.5 to 4 m·s −1 ), striding (4 to 5 m·s −1 ) and sprinting (5+ m·s −1 ), number of sprints, maximum speed (m·s −1 ), maximum sprint distance (m), number of efforts greater than jogging, and the recovery time between high-intensity efforts (running, striding, sprinting) were the time-motion characteristics assessed. The data from different game durations (184 ± 41 min) was scaled to 210 min (time allocated for an ODI innings) to facilitate interpretation and application of the results. The data are presented as mean ± SD. The coefficient of variation (CV) was calculated to represent the within-athlete variability in movement patterns across the ODI games. Table 1 details the movement characteristics obtained from the same bowler during 12 ODI games. Approximately two-thirds of the 15.9 km covered was walking interspersed with short distance, higher intensity sprint efforts (typical sprint distance 18 m). The CV ranged from 1 to 37%, with the time spent walking the least variable, and the distance covered jogging and the maximum sprint distance the two most variable movement characteristics.
Results

Discussion
Time-motion analysis of cricket should provide insightful information on the movement patterns of different players. In cricket, players within the same team experience substantially different workloads, depending on the ground size, length of bowling spells, and their position and role within a particular game. International fast bowlers undertake the greatest amount of work of any cricketing position analyzed. This bowler covered ~16 km in 3.5 h, which is almost twice the workload of cover-point fielders (in first-class cricket), who cover 15.5 km in 6 h. 1 The comparatively higher demands of fast bowling compared with batting are indicated by 4.2% of game time composed of high-intensity activity compared with only 2.8% for ODI century scoring batsmen. 2 Understanding the game-to-game variability that an individual player exhibits will help determine the amount of physical preparation and recovery that a bowler or player needs. For this individual bowler, the majority (11 of 15) of the workload characteristics analyzed had game-to-game variability of 20% or less. Based on such collected GPS data, conditioning coaches employing GPS monitoring can objectively modify and individualize the periodization of the fitness training of elite cricketers. Future work should quantify the mean values and magnitude of variability in movement patterns for other positions and during other formats of the game (eg, test cricket and twenty20).
